As a result of manufacturing processes, steelworks plants produce large amounts of waste materials. Currently in modern steelworks the most of waste is utilized in the same steelworks and passed to external customers or it is reused as a feed for other technological processes. Finegrained metallurgical waste materials are used to production of granules because of the high contents of iron and other valuable elements. Granulation of iron-bearing waste materials increases permeability of blend and performance of the sinter strand. Dosing of material in the form of granules to an average sinter mix may be accomplished in a more controlled manner than is the case for bulk material. Due to recycling carried out by adding granulated wastes to blast furnace charge or to sintering process the cost of production of steel is reduced. This procedure allows metallurgical sector on the delivery of measurable economic, technological and environmental benefits. In this work the chemical composition, grain size and the possibility of using fine-grained iron-bearing wastes are presented.
Introduction
In 2012 as in the previous year, the world produced 1.5 milliard tons of steel. Metallurgical industry consumes two times more raw materials to the process of production than the final product produced. Such actions result in the formation of large amounts of waste products in the form of: blast furnace and converter slag, blast furnace and converter gas, dust and sludge both of blast furnace and steelmaking origin, dust from the cast house dedusting, dust/ sludge from sintering process, smelting pumice, scale and mill-scale sludges [1, 2] .
Grain characteristics
In metallurgical units of a full production cycle, that begin with the production of steel from coke oven, sinter plant and blast furnace department, the amount of waste is much greater than in steel mills producing steel in electric furnaces [3] . Currently, in the blast furnace process a much richer charge of smaller gangue content is used than before. This reduces the amount of slag produced, resulting in a decrease in the area devoted to the collection of waste in dumps [4] . In Table 1 the amount of wastes per 1 Mg of the finished steel are shown. The biggest part constitute slags (respectively furnace, basic oxygen steelmaking, continuous casting of steel and steelmaking in electric arc furnaces), then the scale and dust. The converter steelmaking process generates the greatest amount of sludge, and the smallest quantity, the blast furnace process. 
Dusts
Iron and steel industry generates the following types of dust: from ore sintering flue gas cleaning, dry cleaning of blast furnace gas and waste gas of BOF and EAF processes. Distribution of dust, depending on the fraction is as follows [5] : thick dust (greater than 500 μm), medium dust (500 to 100 μm), fine dust (100 -5 μm), very fine dust (5 -1 μm), condensation dust, colloidal or smoke (less than 1 micron). Table 2 lists the process steps during which the dust is emitted and the percentage of emitted dust. Steel production in BOF and EAF aggregates 4÷10
Sludges
A study published by the author [6] aimed to determine the actual particle size of raw materials used in the sinter mix, including fine-grained waste materials. Grain size analysis was carried out on the dried material, and one of the samples was subjected to the impact force of 500 kN/m 2 , this operation was to simulate transport conditions. Fig. 1 shows the size distribution of sludge after the screening by dry and wet method. The growth of small grain size <0.15 mm is visible, which is connected with water influence, which weakens the intermolecular forces. This results in the separation of the particles by reducing the share of coarse grain 1.02-0.15 mm. Fig.  2 shows the size distribution fraction <0.15 mm, it has been carried out using an automatic particle size analyzer IPS (type A -for measuring particles in the range 2-200 microns in air). During the test, the smallest grain combine into larger agglomerates as a result of the absorption of moisture from the air, increasing amount of coarse fractions. The ability for self-pelletizing of material tested is related to the quantity and quality of dust fraction.
Fig. 1
The particle size distribution of sludge: dry and wet sieving method [6] Fig. 2 The particle size distribution of sludge -study performed by using IPS-A [6] In examining the material the correlation between sintering performance and ability to selfpelletizing was ascertained. Higher value of the total ability to self-pelletizing fc, results in more efficient sintering. However, the larger the fraction of fine grains in the mixture sintering, the sintering process efficiency ratio is lower. The value of the total ability to self-pelletizing, chemical and the sieve analysis can provide an initial assessment of the suitability of raw materials and mixtures for the production of sinter. The advantage of such verification of materials is a lack of performance of the preliminary sintering, which is costly, especially in industrial environments [7] .
Mill-scale sludges
Scale is formed at high temperatures as a result of oxidation of the surface of steel products during forming processes: forging, rolling, pressing or squeezing. It is a mixture of iron oxides with different oxidation states, and trace amounts of other metal oxides. During plastic working of steel products the water and oil are used as a cooling agent and the resulting cooling mixture significantly impedes the direct use of scale. Fine-grained scale and mill-scale sludge have a very small fraction that is lumping on sinter belt with the addition of iron ore [8] [9] [10] . In Table 3 is shown an example of the size distribution of fine-grained waste materials originating in one of the Polish steel mills. Sieve analysis of sludge and dust are markedly different. It has to do with the amount of water in the sludge. It favors combining the colloidal particles into larger agglomerates, which remain the same even after the evaporation of moisture [11] . 
Dusts
Dust removal is carried out by using dust collection equipment, which are divided according to the following groups [5] : mechanical dust collectors (dry and wet), filter (fabric or filled) and electrostatic (dry or wet). Dust from the sinter plant and blast furnace department has a high iron content in the range of 20 to 45 wt.% and sometimes these values are higher. Table 4 shows the data from plants: Polish, Indian and German. Polish converter steelworks mostly apply wet dedusting (about 65%), while in the electric steelworks dry dedusting is used [12] . The main pollutants that can be released into the atmosphere as a result of melting of steel in electric arc furnaces (EAF) are post-reaction gases. Amount of iron, zinc and other elements contained in the dust depends on the quality of steel scrap used in smelting in electric arc furnaces. Amount of dust emitted from EAF furnaces ranges from 1 to 17 kg/Mg finished steel [13, 14] . In Table 5 the percentage and the chemical composition of EAF dust from several foreign steel are given. 
Sludges
Sludges from iron and steel are divided according to the following groups [5] : a) clean ironbearings sludges of content greater than 60 wt.% (sludges from wet flue gas cleaning steel converter, wet sludge from scraper trough in sintering plant), b) ironbearings contaminated sludge of the iron content in the range of 24 to 56 wt.% (sludges from cleaning of blast furnace gas, other sludges derived for example from chemical neutralization), c) oily mill-scale sludge. Amount of zinc and lead contained in the sludge furnace is much higher than in the case of blast furnace dust. During the production of steel in BOF process, sludge is manufactured in an amount of 8 to 12 kg/Mg steel. However, electric steel mills generate dust in an amount of 12 to 16 kg/Mg of steel [9, 12] . Table 6 shows the chemical composition and the percentage share of the sludge: sintering, blast furnace, steelmaking, BOF converter and average composition. 
Mill-scale sludge
Oily mill-scale contains about 10 wt.% oil and oil-derived substances - Table 7 . Scale despite the high iron content and low levels of harmful impurities is not recycled to the sinter strand without prior preparation. The methods used for the recycling of scale are pelletizing or briquetting ones and use the resulting product as a feed material in the blast furnace [23, 24] . 
Discussion
The preparation technique of metallurgical waste is defined by the device in which the processed material will be utilized. Mixing is the most important stage of preparation iron-bearing recycling materials for granulation or briquetting and includes the following processes: preliminary mixing of materials, hydration or moisture reduction, dispersions of materials, complete granulation (homogenization), heating and cooling [25] . Converter sludges are the material used for the production of briquettes or pellets, which can be a charge for the production of synthetic pig iron. Because of the small particles size and moisture content of 70 wt.%, converter sludges before applying any form of recycling must be subjected to dehydration, pre-drying and agglomeration. Materials such as quicklime or hydrated lime, cement, blast furnace dust or dust from coke quenching can acts as a desiccant of sludge. The sludges are added to the sintering process in the form of an average mixture of various types of sludges: sintering, blast furnace and steelmaking ones [26, 27] .
As a charge in a blast furnace only the coarser mill-scale fraction of greater than 5 mm, low humidity and oil content less than 1 wt.% can be directly used. Mill-scale of such properties is transported to a pelletisation or briquetting operation, then added to the blast furnace charge or steelmaking furnace [28, 29] . The high iron content in mill-scale sludges, approx. 66 wt.% results in that it is a valuable waste material. The possibility of recycling of 40000 tons millscale/year would decrease the cost of sinter production about 2.5 million zł. The environmental costs associated with the disposal of waste would be reduced substantially [30] . Direct turn back to the sinter strand and sintering oily mill-scale sludges leads to clogging of electrostatic precipitators, which may result in fire of devices. In the sintering process oil-free mill-scale sludge should be used, by applying detergents or high-temperature during the firing of oil products [31] .
The most effective granulation is carried out at 12.9 wt.% moisture. Studies conducted by the authors of the publication [32] shows that the mass suitable for granulation should have an initial moisture content of about 12 wt.%. Addition to the mixture of CaO causes decreasing of moisture content in sludges and its amount in relation to the sludge should be as follows: at 2% CaO -moisture up to 16 wt.%, at 5% CaO -moisture up to 20 wt.%, at 10% CaO -moisture up to 27 wt.%. Applying CaO as a sludge dryer leads to the situation that drainage facilities in the form of filter presses will become redundant. This solution used on an industrial scale will bring tangible economic benefits. Method using a node for mixing and granulation of fine iron-bearing waste materials is cheaper than the current solution involving transportation and storage of sludges to natural drying in the open air [32] .
Conclusions
In the sinter plants the waste materials in the form of dust, sludge and scale to mix ore are added. Despite the differences in the size distribution and chemical composition recycling of the waste materials is a beneficial activity to steelworks and the environment, but requires a precise definition of the composition of the used materials: a) dusts have the smallest fraction of all metallurgical waste materials. Due to the high content of Fe (20-70 wt.%) and C (23-50 wt.%) blast furnace dusts and converter dusts are re-used in metallurgical processes. Dust from electric arc furnaces are characterized by high content of Fe (10-40 wt.%) and the high amount of Pb and Zn. Amount of iron, zinc and other elements contained in the dust depends on the quality of steel scrap smelted in electric arc furnaces. b) steelmaking, sintering and converter sludges are characterized by high content of Fe (50-70 wt.%), and low levels of Pb (0.04-1.06 wt.%) and Zn (0.22-3.83 wt.%.). However, the high content of zinc in the blast furnace sludge (~ 13 wt.%) limits its use in the production of pig iron. This type of waste is subjected to post-production of zinc recovery processes, or deposited in landfills. Due to the high humidity (~ 70 wt.%) sludges, with the exception of blast furnace sludge, are used in the production of pellets or briquettes. c) mill scale like converter dust has a high level of Fe about 65 wt.%. Mill scale is also characterized by trace amounts of zinc and alkaline compounds. As a charge in a blast furnace only the coarser mill-scale fraction of greater than 5 mm, low humidity and oil content less than 1 wt.% can be directly used. Mill-scale of such properties is transported to a pelletisation or briquetting operation, then added to the blast furnace charge or steelmaking furnace. Large amount of moisture (~ 30 wt.%.) and oil (~ 20 wt.%.) in fine scale cause that important operation (before recycling of this waste) becomes oil removal by burning hydrocarbon.
